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Abstract
Background  Tropomyosin is a major allergen in crustaceans, including mud crab species, but its molecular and allergenic 
properties in Scylla olivacea are not well known. Thus, this study aimed to produce the recombinant tropomyosin protein 
from S. olivacea and subsequently investigate its IgE reactivity.
Methods and Results  The tropomyosin gene was cloned and expressed in the Escherichia coli system, followed by SDS-
PAGE and immunoblotting test to identify the allergenic potential of the recombinant protein. The 855-base pair of tropo-
myosin gene produced was found to be 99.18% homologous to Scylla serrata. Its 284 amino acids matched the tropomyosin 
of crustaceans, arachnids, insects, and Klebsiella pneumoniae, ranging from 79.03 to 95.77%. The tropomyosin contained 
89.44% alpha-helix folding with a tertiary structure of two-chain alpha-helical coiled-coil structures comprising a homodimer 
heptad chain. IPTG-induced histidine tagged-recombinant tropomyosin was purified at the size of 42 kDa and confirmed 
as tropomyosin using anti-tropomyosin monoclonal antibodies. The IgE binding of recombinant tropomyosin protein was 
reactive in 90.9% (20/22) of the sera from crab-allergic patients.
Conclusions  This study has successfully produced an allergenic recombinant tropomyosin from S. olivacea. This recombinant 
tropomyosin may be used as a specific allergen for the diagnosis of allergy.

Keywords  Mud crab allergen · Recombinant tropomyosin · Scylla olivacea · PCR-reamplification · cDNA cloning and 
subcloning · Protein expression · IgE reactivity

Introduction

Mud crab Scylla species is an edible swimming crab found 
in brackish and tidal mangrove areas. Mud crab is consid-
ered an important economic resource for most Asia–Pacific 

nations, including Bangladesh, Sri Lanka, India, Thailand, 
Vietnam, Cambodia, and Malaysia, with over 45,300 tonnes 
of global production in 2016 [1]. In addition to high-quality 
meat, delicate taste, and fast growth, mud crab aquaculture 
is expanding rapidly to satisfy the needs for export and local 
market demand for adult male crabs, berried female crabs, 
soft-shell crabs, and crablets [2–4]. However, mud crab has 
also been discovered as a major source of shellfish aller-
gies due to various protein allergens. Similar to crab allergy, 
mud crab ingestion can cause moderate to extreme allergic 
reactions, including clinical disorders of the digestive sys-
tem, respiratory system, and the skin, although for certain 
allergic patients, contact with an allergen can also cause life-
threatening reactions [5].

Tropomyosin belongs to a family of phylogenetically con-
served proteins in many invertebrates. It is a significant pan-
allergen that has been widely reported as a major allergen 
in crab species [6–14]. Allergenicity due to the presence 
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of tropomyosin protein in crab species has been reported, 
including giant mud crab Scylla serrata [6, 7], purple mud 
crab Scylla tranquebarica [9], green mud crab Scylla para-
mamosain [10], blue crab Portunus pelagicus [8, 11], red 
crab Charybdis feriatus [11, 12], Chinese mitten crab Eri-
ocheir sinensis [13], and snow crab Chionoecetes opilio 
[14]. However, allergenic tropomyosin in orange mud crab 
Scylla olivacea has yet to be investigated.

Due to the prevalence of allergy events in mud crabs, the 
development of a reliable diagnostic protocol is important 
for effective detection and clinical management. Up to now, 
raw extracts are a routine resource for traditional first-line 
diagnostics, including skin prick test, oral food challenge, 
and serum-specific IgE test [15]. Although optimized stand-
ard procedures are commonly used in the extraction of raw 
extracts prior to allergenicity testing, very often such prac-
tice resulted in various drawbacks, such as unintentional 
removal of minor allergens, differing allergen concentra-
tions, accidental inclusion of contaminants and undefined 
non-allergenic content, and poor immunogenicity of some 
allergens [15, 16]. With the availability of pure allergens, 
it is possible to characterize the allergenic properties of 
individual allergens [17, 18]. One way of producing pure 
allergen is by utilizing bacteria expression systems. Abun-
dant recombinant tropomyosin allergen has been success-
fully produced for blue swimming crab (Por p 1), crucifix 
crab (Cha f 1), and tropomyosin homologue from Chinese 
mitten crab. These recombinant tropomyosin allergens 
exhibit desired characteristics, such as known molecular 
weight, high purity, quality, stability, high concentration, 
and retained immunoreactive [12, 19, 20]. Therefore, this 
research aimed to produce recombinant tropomyosin protein 
from mud crab S. olivacea.

IgE antibodies are the main mediators for acute allergy 
hypersensitivity reactions. The attachment of IgE-allergen 
complex to mast cells and basophils leads to the crosslink-
ing of receptor-bound IgE-specific allergens, resulting in the 
activation of inflammatory mediators, such as histamines 
and leukotrienes [21]. At present, the most commonly used 
approach for detecting tropomyosin IgE-binding reactivity is 
the use of sera from sensitized patients to identify allergens 
in the allergenic protein source [6–13]. Based on the impor-
tance of allergen IgE antibody reactions that cause allergic 
reactions, the purpose of this study was to determine the IgE 
reactivity of recombinant tropomyosin from S. olivacea, the 
most consumed mud crab species in Malaysia [22].

Materials and methods

Crab samples

Live male S. olivacea was obtained from a local supplier in 
Sungai Petani, Kedah, Malaysia [22]. Species identification 
of S. olivacea was carried out according to Keenan et al. [23] 
and Fazlan et al. [24]. The morphological features investi-
gated during identification include frontal lobe spine height 
and shape, cheliped carpus and propodus spines, male first 
gonopod shape, and carapace color of crab. Prior to extrac-
tion, the crab was frozen in a freezer for 20 min [22, 24]. 
Once killed, the crab meat from the abdomen was excised 
and preserved by completely submerged into RNAlater RNA 
Stabilization Reagent (Qiagen, Germany).

Serum samples

A total of 22 sera from patients with crab allergy and one 
serum from a healthy and non-allergic subject that served 
as negative control were used in this study. The status 
of the crab allergic patients was confirmed by a positive 
skin prick test and/or an ImmunoCap test with a value of 
more than 0.35 kU/L to crab allergen. The patients' sera 
also showed reactivity to the 36 kDa tropomyosin band in 
immunoblotting of crude extract of S. olivacea, as shown 
in Fig. S1. Ethical approval was obtained from the Medi-
cal Research and Ethics Committee, Ministry of Health 
Malaysia, prior to conducting the study (approval number: 
NMRR-11-856-10216).

Total RNA extraction, cDNA synthesis, and PCR 
reamplification

Homogenization of preserved crab muscles was performed 
in the presence of liquid nitrogen and crushed using a mortar 
and pestle. Subsequent total RNA extraction was performed 
using the RNeasy Plus Mini Kit (Qiagen, Germany). The 
samples with A260/A280 (total RNA concentration) and 
A260/A230 (total RNA purity) ratios of 1.8–2.1 and 2.0–2.2, 
respectively, were used for the synthesis of cDNA using 
QuantiNova Reverse Transcription Kit (Qiagen, Germany). 
PCR reaction was conducted in a final volume of 25 μL, each 
comprising 12.5 μL of 2X First Base PCR Mix, 0.6 μM of 
forward primer (5′-ATG​GAC​GCC​ATC​AAG​AAG​AAG​ATG​
-3′), 0.6 μM of reverse primer (5′-TTA​GTA​GCC​AGA​CAG​
TTC​GCT-3′), cDNA template (50 ng), and nuclease-free 
water. The primer sequences were designed based on the 
tropomyosin sequence of S. serrata. PCR was performed in a 
MyCycler EP Gradient thermal cycler in the following steps: 
initial denaturation at 95 °C for 15 min, 35 cycles of ampli-
fication (94 °C for 1 min, 60 °C for 45 s, 72 °C for 1 min), 
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and a final extension step of 72 °C for 7 min and maintained 
at 4 °C. The PCR amplified products were run on a 1.5% 
agarose gel electrophoresis, operating for 1 h at 75 V. Two 
microliters of the gel-purified PCR product (Vivantis, GF-1 
AmbiClean Kit) was used as a template for the second-round 
PCR, prepared in the same PCR mixture and thermal cycle 
condition as the first-round PCR.

cDNA cloning and subcloning

Tropomyosin's cDNA was cloned into pJET1.2/blunt vector 
using CloneJET PCR Cloning Kit (Thermo Fisher Scientific, 
USA) and subsequently transformed into E. coli DH5α. Tro-
pomyosin was amplified using 10 ng of plasmid as a tem-
plate in a 25 µL of PCR reaction mix containing 12.5 µL of 
2X First Base PCR Mastermix, 1.5 µL of forward subclon-
ing primers containing BamHI sequence (5′-CGC​GGA​TCC​
ATG​GAC​GCC​ATC​AAG​AAG​AAG​ATG-3′), and 1.5 µL of 
reverse subcloning primers containing EcoRI sequence (5′-
GCG​AAT​TCT​TAG​TAG​CCA​GAC​AGT​TCGCT-3′). The PCR 
was conducted as follows: one cycle (95 °C for 15 min) for 
initial denaturation; 30 cycles (94 °C for 1 min, 59 °C for 40 s, 
72 °C for 1 min) for annealing and extension, and one cycle 
(72 °C for 7 min) for a final extension of the amplified tropo-
myosin. The amplified PCR products were viewed on a 1.5% 
agarose gel electrophoresis and purified using a QIAquick 
PCR purification kit (Qiagen, Germany). Three PCR colony 
products were sequenced by Apical Scientific, Malaysia using 
tropomyosin complete sequence primer of the BigDye® 
Terminator v3.1 Cycle Sequencing system. The identity of 
sequenced tropomyosin was annotated using the Basic Local 
Alignment Search Tool (Blastn) program (https://​blast.​ncbi.​
nlm.​nih.​gov/) and aligned under an alignment view of “query 
anchored with dots for identities”. Double restriction enzyme 
digestion of pRSETA insert and purified tropomyosin was 
carried out using FastDigest BamHI and FastDigest (Thermo 
Scientific, USA), which were incubated at 37 °C for 30 min 
before both enzymes were inactivated at 80 °C for 5 min. The 
digested products were purified using the GF-1 AmbiClean 
Kit and subsequently ligated using T4 DNA ligase (Thermo 
Scientific, USA) for the molar ratio over the vector of 1:1 and 
incubated at 22 °C for 1 h. The pRSETA-tropomyosin was 
transformed into One Shot® BL21(DE3) pLysS competent 
cells (Invitrogen, USA). The cell was heat-shocked by imme-
diately immersed into a 42 °C water bath for 40 s and quickly 
placed on ice for 10 min. A volume of 950 µL of pre-warmed 
LB broth was added into the vial and placed in an incubator 
at 37 °C and gently shaken at 200 rpm for 1 h. A volume of 
20 µL of bacterial suspension was spread on LB agar plates 
containing 35 µg/mL chloramphenicol and 100 µg/mL ampi-
cillin and then incubated overnight at 37 °C. The sequence of 
tropomyosin was re-confirmed using DNA sequencing and the 

analyzed sequence was deposited in the NCBI database via 
BankIt submission (https://​www.​ncbi.​nlm.​nih.​gov/​WebSub/).

Phylogenetic tree, amino acid sequence, 
and structural composition analysis of tropomyosin

The cloned tropomyosin sequence was annotated using 
the Basic Local Alignment Search Tool (Blastn) program 
(https://​blast.​ncbi.​nlm.​nih.​gov/) and aligned under an align-
ment view of “query anchored with dots for identities”. The 
tropomyosin sequence of S. serrata was acquired from the 
NCBI database at https://​www.​ncbi.​nlm.​nih.​gov/​prote​in/​
15150​5279. The ExPASy Amino Acid Translation (https://​
web.​expasy.​org/​trans​late/) online tool was used to deduce 
the amino acid sequence of tropomyosin. Molecular Evolu-
tionary Genetic Analysis (MEGA) X version 10.05 was used 
to construct the phylogenetic tree using Neighbor-Joining. 
Then, the prediction of the secondary protein structure was 
conducted using SOPMA server (NPS@:SOPMA second-
ary structure prediction (ibcp.fr)). Meanwhile, the prediction 
of the tertiary protein structure of tropomyosin was carried 
out using SWISS-MODEL server (http://​swiss​model.​expasy.​
org/) by applying Eriocheir sinensis tropomyosin (PDB 
code: 1c1gA) template as the reference gene for comparison. 
Remodeling of tropomyosin structure was generated using 
the PyMOL program (https://​pymol.​org/2/).

Induction, expression, and purification 
of recombinant tropomyosin protein

A fresh colony of BL21(DE3) PlysS-pRSETA-tropomyosin 
was streaked on the LB agar plate comprising 35 µg/mL 
chloramphenicol and 100 µg/mL ampicillin. After 18 h of 
incubation at 37 °C, positive bacteria clone was inoculated 
into fresh sterile (5 mL of LB-ampicillin-chloramphenicol 
broth) in a culture flask and incubated at 37 °C with shaking 
at 250 rpm overnight. Then, 1 mL of the overnight culture 
was added into 10 mL of fresh LB-ampicillin-chloramphen-
icol broth and incubated at 37 °C with shaking at 250 rpm 
until the optical density (OD) at A600 nm reached 0.6. 
The BL21(DE3) pLysS-pRSETA-tropomyosin protein was 
overexpressed with IPTG induction at a final concentration 
of 1 mM for 4 h at 37 °C with shaking at 250 rpm. The 
bacterial cells were harvested initially by centrifugation at 
4000×g at room temperature for 20 min. Next, the soluble 
fraction was lysed using lysis buffer (25 mM Tris–HCl pH 
8, 0.2 mg/mL lysozyme, 1 mM imidazole, 300 mM NaCl) 
at -20 °C for 1 h and sonicated (5-s pulse-on, 5-s pulse-off 
at the amplitude of 60°). Ten microliters of recombinant 
tropomyosin protein in the presence of 2X Laemmli sample 
buffer was denatured at 97 °C for 4 min before running on 
12.0% SDS-PAGE, and the results were visualized using 
Image Lab 3.0 software of Gel Doc EZ Imager. The soluble 

https://blast.ncbi.nlm.nih.gov/
https://blast.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/WebSub/
https://blast.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/protein/151505279
https://www.ncbi.nlm.nih.gov/protein/151505279
https://web.expasy.org/translate/
https://web.expasy.org/translate/
http://swissmodel.expasy.org/
http://swissmodel.expasy.org/
https://pymol.org/2/
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fraction of expressed recombinant tropomyosin was pooled 
for further purification via ProBond™ affinity chromatog-
raphy kit (Thermo Scientific, USA).

Immunoblotting with monoclonal anti‑tropomyosin 
antibody

Immunoblotting with monoclonal anti-tropomyosin antibody 
was performed to demonstrate the presence of tropomyosin 
allergen in recombinant tropomyosin protein. The non-spe-
cific protein sites on the strips were blocked for 1 h with a 
blocking buffer (1X TBS containing 10% non-fat milk). The 
strip was reacted with a rat monoclonal anti-tropomyosin 
IgG antibody, Ab50567 (1:6,000) (Abcam, United King-
dom) in an incubator shaker at 4 °C for 16 h. After four 
times washed with 1X TTBS for every 5-min interval, the 
strip was subsequently reacted with an alkaline phosphatase 
goat anti-rat (IgG) secondary antibody (1:40,000) (Abcam, 
United Kingdom) for 30 min. After washing four times with 
1X TTBS solution and one time with 1X TBS solution, the 
antibody binding on the strip was detected by a colorimetric 
alkaline phosphatase conjugate substrate kit. Before being 
air-dried, the strip was washed with distilled water three 
times every 5 min to stop color development. The immu-
noblot results were scanned using an imaging densitometer 
(BioRad, USA).

Immunoblotting with patient sera IgE

Immunoblotting with sera from crab allergic patients was 
performed to characterize the IgE reactivity of recombinant 
tropomyosin protein. Once the transferred recombinant 
protein was confirmed, the non-specific protein sites on the 
strips were blocked for 1 h with 1X TBS containing 10% 
non-fat milk, followed by 16 h incubation with the patient's 
sera (1:5) at 4 °C. The strips were washed four times with 1X 
TTBS for every 5-min interval and subsequently incubated 
for 30 min in affinity-purified biotin-labeled goat anti-human 
IgE (1:1,000) (KPL, USA) as a secondary antibody. The 
unbound secondary antibodies were washed out four times 
with 1X TTBS for every 5-min interval and non-specific 
binding of secondary antibodies was blocked using a block-
ing buffer for 5 min. After one time wash with 1X TTBS, 
the strips were incubated with streptavidin-conjugated 
alkaline phosphatase (1:5000) (BioRad, USA) for 30 min. 
After washing four times with 1X TTBS solution and one 
time with 1X TBS solution, the strips were incubated with 
alkaline phosphatase conjugate substrate that reacts with 
the conjugated secondary antibody for 15 min to reveal the 
antibody-bound recombinant tropomyosin. Immunoblotting 
results were scanned using an imaging densitometer (Bio-
Rad, USA). Each set of strips contained a negative control 

serum from a healthy and non-allergic individual and a blank 
strip (no serum).

Results

Annotation of recombinant tropomyosin gene

PCR reamplification of the cloned sequence had been 
identified as tropomyosin with a product size of 855 base 
pairs (Fig. S2). The cloned sequence of S. olivacea clones 
was 99.18% homologous to the tropomyosin sequence of 
S. serrata, indicating that the tropomyosin DNA sequence 
is strongly conserved between mud crab species. The S. 
olivacea tropomyosin sequence was deposited in the 
NCBI database with the appointed accession number of 
MN218638. Moreover, the presence of mismatched nucle-
otides between the cDNAs of S. serrata tropomyosin and 
the S. olivacea tropomyosin at seven loci of 35 (A to T), 
339 (G to A), 342 (T to C), 542 (A to G), 560 (A to G), 
801 (A to G), and 852 (T to C) indicated the existence of 
single-nucleotide polymorphism within the tropomyosin 
coding region (Fig. 1). The terminal sequences of the pro-
teins in vivo might differ from the sequences provided 
due to the predetermined sequence of the primers used 
for amplification.

Annotation of tropomyosin protein, cluster analysis, 
and determinant of protein structure

The cloned sequence of S. olivacea was translated to a 
polypeptide of 284 amino acids with a predicted molecular 
weight of 32.776 kDa, producing a highly best match of 41 
sequences ranging from 88.02 to 95.77% for crustaceans, 
79.23 to 81.69% for arachnids, 81.69 to 83.36% for insects, 
and 88.03% for K. pneumoniae. The evolution relationship 
showed that the S. olivacea tropomyosin shared the same 
cluster with invertebrate phyla known as an arthropod, 
which consists of the species from subphylum Crustacea, 
Arachnida, and Insecta (Fig. 2). Interestingly, S. olivacea 
tropomyosin was discovered to share the same cluster with 
bacteria K. pneumoniae, which had the longest phyloge-
netic tree branch, indicating a new evolutionary relation-
ship between both unrelated species. The predicted struc-
tural composition of tropomyosin was predominantly made 
up of 89.44% alpha-helix folding and a tertiary structure 
of a two-chain alpha-helical coiled-coil structure made up 
of a homodimer heptad chain (Fig. 3).
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Detection of recombinant tropomyosin protein

SDS-PAGE analysis of the protein fraction of recombinant 
tropomyosin from S. olivacea revealed that IPTG-induced 
culture displayed protein overexpression in a soluble frac-
tion at 42 kDa (Figs. S3 and 4a). To confirm the presence 
of tropomyosin in recombinant samples, immunoblotting 
analysis was performed using a commercial monoclonal 
anti-tropomyosin antibody (MAC-141), producing a pro-
tein band at 42 kDa (Fig. 4b) and indicating that the sam-
ple contained tropomyosin epitopes.

Allergenicity of recombinant tropomyosin protein

Immunoblotting results of recombinant tropomyosin pro-
tein exhibited positive reactivity with IgE in sera from 22 
crab-allergic patients (Fig. 5). The results showed that 
almost all patients' sera IgE reacted with recombinant 
tropomyosin protein, producing a single protein band at 
42 kDa. The absence of a protein band on the negative 
control sample showed that the positive reaction was 
not due to contamination. The presence of a positive 
allergen-specific IgE antibody reaction confirmed that 
recombinant tropomyosin protein from S. olivacea was an 
allergenic protein. The immunoblot results also showed 
that two (patient 6 and 10) out of 22 patients' sera did 
not react to recombinant tropomyosin protein. As other 

patients' sera reacted with the recombinant protein, the 
IgE reactivity of the protein did not cause the absence 
of antigen–antibody response, but this observation was 
possibly due to the low concentration of specific IgE 
antibodies to tropomyosin in the sera. This finding is in 
accordance with the results of immunoblotting of crude 
extract (Fig. S1) that demonstrated a faint band, indicat-
ing a weak IgE reactivity of sera from patient 6 and 10. 
Overall, the results revealed that the IgE in sera binding 
with recombinant tropomyosin protein from S. olivacea 
was present in 90.9% (20/22) of the sera analyzed, sug-
gesting that tropomyosin is a major allergen.

Discussion

Tropomyosin is a well-known allergen in many crustacean 
species. Other studies have reported that the 855-base pair 
sequence of tropomyosin has been detected in crucifix crab 
Charybdis feriatus [12], Chinese mitten crab Eriocheir sin-
ensis [20], and blue swimming crab Portunus trituberculatus 
[25] using tropomyosin-specific primers. The interspecies 
tropomyosin sequence homology between cockroach spe-
cies and S. olivacea found in this study is consistent with 
findings from other researchers. For instance, according 
to Jeong et al. [26], the dusky brown cockroach tropomyo-
sin was found to be 98.5% identical to the American and 

Fig. 1   Tropomyosin nucleotide sequence alignment between tropomyosin of S. olivacea and S. serrata 
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Fig. 2   Phylogenetic tree of tropomyosin amino acid sequences 
between S. olivacea and other species. Description of tropomyosin 
of each species was presented as follows: Common name-Scientific 

Name GenBank accession No. (Subphylum) percentage of sequence 
similarity against tropomyosin sequence of S. olivacea 

Fig. 3   3-D structure of tropomyosin of S. olivacea generated using 
the PyMOL program (https://​pymol.​org/2/). The structure was pre-
dicted by using SWISS-MODEL server (http://​swiss​model.​expasy.​

org/) based on Eriocheir sinensis tropomyosin (PDB code: 1c1gA) 
template as the reference gene

https://pymol.org/2/
http://swissmodel.expasy.org/
http://swissmodel.expasy.org/


6715Molecular Biology Reports (2021) 48:6709–6718	

1 3

German cockroach tropomyosin. The findings suggested the 
highly conserved nature of tropomyosin gene, hence offer-
ing the advantages of being used as a molecular marker for 
ancestry study, especially among species within arthropod 
phylum [27], including mud crab species [28]. Single-nucle-
otide polymorphism was observed between the tropomyosin 
gene sequences of S. olivacea and S. serrata. Previously, 
polymorphism at the tropomyosin gene region was also iden-
tified in other invertebrates, such as American house dust 
mite, Dermatophagoides farinae [29], and giant freshwater 
shrimp Macrobrachium rosenbergii [30]. Nucleotide poly-
morphism that occurred between giant freshwater shrimp 

and other shrimp tropomyosin, such as white leg shrimp 
Litopenaeus vannamei, giant tiger prawn Penaeus mono-
don, and brown shrimp Penaeus aztecus, has the potential 
to affect the biological efficacy in the diagnosis and immu-
notherapy of allergen [31, 32].

Due to high amino acid sequence conservation and simi-
lar nature of tropomyosin sequences between S. olivacea 
and other species from crustaceans, arthropods, bivalves, 
and bacteria, we believed that tropomyosin could cause 
cross-reactivity allergic reaction. Cross-reactivity is one of 
the crucial characters of major shellfish allergens. Research-
ers observed that allergens with at least 70% of amino acid 
sequence identity are likely to be cross-reactive [32]. Cross-
reactivity among crustaceans has been frequently reported, 
with most of the findings supported that the allergenic cross-
reactivity occurred among the crustacean species, including 
between crab and shrimp, and crab and prawn [11, 19, 33, 
34]. For instance, cross-reactivity of crab tropomyosin was 
reported among species of bivalves, including blue mussel 
Mytilus edulis, Sydney rock oyster Saccostrea glomerata, 
southern calamari Sepioteuthis australis, and saucer scallop 
Amusium balloti, as examined through IgE inhibition immu-
noblotting [35]. In addition, cross-reactivity occurrence was 
also reported between crustaceans and other arthropods, 
including insects and arachnids. It was found that cross-
reactivity between mites and shrimp could react to tropo-
myosin from the house dust mite tropomyosin in a shrimp-
sensitive patient [36]. Allergy sensitization is believed to 
have occurred first due to inhalation of mite allergens and 
then ultimately due to the ingestion of crustaceans [37].

Interestingly, in this study, tropomyosin gene sequences 
of S. olivacea showed very high homology with a human 
intestinal bacterium called K. pneumoniae. K. pneumo-
niae is a Gram-negative bacterium with very high homol-
ogy with S. olivacea tropomyosin, which has not yet been 
experimentally discovered by other studies. Up to now, only 
one study reported cross-reactivity relatedness between the 
shellfish and tropomyosin bacteria in polluted water [38]. 
K. pneumoniae and Pseudomonas spp. were detected in 
the water from the gutter, which could be responsible for 

Fig. 4   SDS-PAGE gel of purified recombinant tropomyosin of S. oli-
vacea (a) and immunoblots of recombinant tropomyosin of S. oliva-
cea against anti-tropomyosin monoclonal antibody (b)

Fig. 5   IgE immunoblotting of S. 
olivacea recombinant tropo-
myosin. Lane M, Chromatein 
Prestained Protein Ladder 
(Vivantis Technologies, USA); 
lane N, immunoblot using 
serum from a non-allergic indi-
vidual; and lane B, blank; lanes 
1–22, immunoblots showing 
binding of IgE from different 
serum samples
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respiratory symptoms among trout processing workers [38]. 
This finding revealed the risk of bacterial infection due to 
the unprotected handling of different seafood products in 
various stages of manufacturing process [39]. This finding 
also demonstrated the likelihood of pneumonia as a cause 
of allergy upon exposure; thus, the existence of the high-
est possible cross-reactivity is due to the high amino acid 
sequence of tropomyosin. However, future studies should 
be undertaken to validate the allergenicity properties of K. 
pneumoniae.

In the present findings, S. olivacea tropomyosin three-
dimensional structure predicted continuous coiled-coil 
dimers made up of two parallel helical molecules that wound 
around each other. The investigated coiled-coil interaction 
arrangement of two alpha-helices composed of a repeated 
heptad sequence of each seven amino acid residues, where 
all positions are solvent-exposed, except for the inner posi-
tion of hydrophobic amino acid residues [40]. This revealed 
that protein structure is a cause of the allergenicity of tropo-
myosin, particularly due to the existence of repetitive pat-
terns [41, 42]. In addition, the IgE antibodies-epitope sites 
on unexposed hydrophobic amino acid residues have the 
capability to mask enzymatic digestion and thus maintain 
the allergenicity of tropomyosin [40]. It should be noted 
that this study only used a program to predict the secondary 
structure of this recombinant protein. Thus, a further study 
to evaluate the secondary structure composition via circular 
dichroism is needed to confirm the correct folded structure 
of the recombinant tropomyosin.

Recombinant-produced tropomyosin protein exhibited 
higher molecular mass than predicted. Similar results have 
also been demonstrated for recombinant tropomyosin from 
Korean storage mite Tyrophagus putrescentiae [43], non-bit-
ing midge Chironomus kiiensis [26], and German cockroach 
Blattella germanica [44]. Previous studies also revealed that 
the molecular mass of the tropomyosin protein molecule in 
crab species ranged from 34 to 39 kDa [6–14, 19, 20]. The 
recombinant tropomyosin from S. olivacea contains 38 more 
amino acids at the N-terminus, plus a polyhistidine-tag mol-
ecule is expected to increase its molecular mass. Some also 
proposed that the larger-than-expected size of tropomyosin 
may be attributed to the peculiar elongated structure of this 
molecule. Tropomyosin is an elongated two-stranded protein 
with a structure of full-length dimeric-α-helical coiled-coil 
that has these unique migratory properties [45].

This study has successfully recognized the recombinant 
tropomyosin of S. olivacea using MAC-141, a commercial 
rat monoclonal anti-tropomyosin antibody capable of detect-
ing tropomyosin in various invertebrates [46]. Other stud-
ies have also shown that MAC-141 recognized recombinant 
tropomyosin proteins from black tiger prawn P. monodon 
[46], banana prawn Fenneropenaeus merguiensis [47], and 
king prawn Melicertus latisulcatus [48]. It is predicted that 

the sequence part of QAMKLEKDNAM in MAC-141 is the 
monoclonal antibody binding epitopes capable of recogniz-
ing tropomyosin allergens from crustaceans, molluscs, and 
nematode worms [46, 49].

Tropomyosin protein isoforms of different allergenicity 
have been found in various tissues and development stages, 
like the oriental migratory locust Locusta migratoria [50] 
and brown shrimp Penaeus aztecus [51]. Therefore, the dif-
ferences in IgE-binding frequency in the current sample may 
be due to different amino acids serving different IgE-epitope 
regions. Also, cross-reactivity with other invertebrates in 
polysensitized populations and genetic variants causing 
particular sensitizations may lead to different allergenicity 
[52]. Meanwhile, the results for S. olivacea have been novel 
as this is the first research to prove that tropomyosin is a 
major allergen in S. olivacea. This finding is consistent with 
previous studies using a crude extract that identified reac-
tive tropomyosin to be higher than 70% of the crab-sensitive 
subject as a major allergen in S. serrata, S. paramamosain, 
and S. tranquebarica [6, 7, 9, 10]. Two critical factors 
attributed to tropomyosin as a major allergen are its natural 
primary function and structural stability. Tropomyosin is a 
highly conserved actin-binding protein that resides in both 
vertebrates and invertebrates' muscle and non-muscle cells, 
playing a central function in muscle contraction. Due to its 
primary role in muscle function, it is far more abundant than 
other known shellfish allergens. However, further IgE reac-
tivity tests, such as inhibition assay for IgE binding, should 
be performed using the recombinant tropomyosin to bet-
ter define the allergenic characteristics of the recombinant 
tropomyosin.

Conclusions

Recombinant allergen production has gained attention in 
past years due to the potential as a specific allergen source 
for diagnosis of specific allergy causal, and also as an initia-
tive allergy treatment in the form of vaccines. In this study, 
the recombinant tropomyosin from mud crab S. olivacea has 
been successfully expressed in E. coli system at 42 kDa, and 
its IgE reactivity has been proved through the reaction of 
90.9% of patients allergic to crab. For diagnosis purposes, 
the produced recombinant tropomyosin is ready to be tested 
on the patient with allergy to mud crab S. olivacea. Future 
vaccine work also involves the production of wild-type 
recombinant tropomyosin of S. olivacea with diminished 
IgE-epitope reactivity.
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